Ectopic antidiuretic hormone syndrome is a medical emergency characterized by dilutional hyponatremia. Clinical effectiveness of the vasopressin V2 receptor antagonist mozavaptan was evaluated in 16 patients. In short-term (7-day) treatment with the drug, serum sodium concentration (mean + standard deviation) significantly (P ¼ 0.002) increased from 122.8 + 6.7 to 133.3 + 8.3 mEq/l, and symptoms due to hyponatremia were improved. On the basis of these results, mozavaptan (Physuline w ) was approved as an orphan drug for the treatment of the syndrome in 2006 in Japan. During the 43 months following its launch, 100 patients have been treated with the drug; overall clinical effects of the drug were found similar to those of this clinical trial. Clinically, mozavaptan may allow hyponatremic patients to be treated by aggressive cancer chemotherapy with platinum-containing drugs. Moreover, the drug may free patients from strict fluid-intake restrictions and thereby improve their quality of life.
INTRODUCTION
The syndrome of inappropriate secretion of antidiuretic hormone (SIADH) is divided into two categories; one is the ectopic ADH syndrome induced by abnormally secreted ADH (arginine vasopressin) from cancer cells, and another is the morbidity caused by inappropriately secreted ADH from the pituitary gland in various benign diseases. In both situations of SIADH, ADH binds to vasopressin V2 receptors (V2Rs) in renal tubules and thereby increasing water reabsorption. Clinically, SIADH is characterized by elevated fluid retention in the body, resulting in dilutional hyponatremia and subsequent manifestations of various central nervous system (CNS) symptoms.
In the present study, clinical effectiveness of a newly developed vasopressin V2R antagonist was evaluated in patients with ectopic ADH syndrome. This morbidity is frequently observed in patients with small cell lung carcinoma (SCLC) and makes it to be difficult to aggressive cancer chemotherapy with platinum-containing drugs. Patients with SIADH often require severe water restriction, worsening their quality of life.
Mozavaptan, the world's first non-peptide V2R antagonist with aquaretic action, was developed by Otsuka Pharmaceutical, Japan, in 1989 (1) . Its potent effect was first demonstrated by clinical pharmacological trials involving healthy adult male subjects in 1992 (2). To understand whether mozavaptan might play an important role in the treatment of ectopic ADH syndrome, the Ectopic ADH Syndrome Therapeutic Research Group conducted an openlabel multicenter clinical trial at Japanese hospitals from December 1994 to December 1997. This paper describes the study results and their implication for mozavaptan's potential usefulness in the treatment of cancer-related ectopic ADH syndrome.
PATIENTS AND METHODS
This open-label, multicenter study protocol was approved by the Institutional Review Board of each participating medical institution prior to its inception; written informed consent was obtained from all patients.
Recruited were inpatients aged 20 to ,75 years who had malignant tumors that might cause ectopic ADH syndrome as well as the diagnostic criteria of ectopic ADH syndrome as defined by Bartter and Schwartz (3) such as serum sodium concentration 124 mEq/l, persistent urinary sodium excretion, normal renal, adrenal, and thyroid function, and no evidence of edema or dehydration.
Following a 2-day placebo administration period during which baseline data were collected, patients were given orally mozavaptan (single 30 mg tablet) once daily for 7 days, or where this was difficult, 3 days was allowed. Fluid restriction was used throughout the study period only for patients in whom it had already begun. Treatment of hyponatremia with demeclocycline, lithium chloride, or urea was not permitted.
The primary endpoint was serum sodium concentration. Blood samples were collected immediately before dosing on each test day. Clinical symptoms associated with hyponatremia such as anorexia, nausea/vomiting, headache, and CNS symptoms were recorded. Urine volume, urinary osmolality, urinary electrolyte (sodium, potassium, chloride) excretion, serum electrolyte (potassium, chloride) concentration, serum osmolality, and plasma ADH concentration were measured. New medical problems or exacerbations of those already existing were reported as adverse events.
In each case, the serum sodium level after the final administration of the study drug was compared with baseline value. The patients are divided into three groups: (i) the serum sodium level is improved to normal range; (ii) the level is still low, but increase is 6 mEq/l and (iii) the level is still low, and increase is ,6 mEq/l. And mean sodium concentration after the final administration of the study drug was compared with that of baseline value by paired t-test.
RESULTS
Sixteen patients [M/F: 10/6; mean age: 63.9 (range: 48 -78) years] who received at least one dose of the study drug were included in the efficacy and safety evaluation. All patients received mozavaptan 30 mg once daily for 7 days, except two individuals who received treatment for 3 days.
Underlying diseases were SCLC (n ¼ 14), thymic small cell carcinoma (n ¼ 1) and cervical cancer (n ¼ 1). Fluid intake was restricted in 5 of the 16 patients (Table 1) .
Serum sodium concentration (mean + SD) at the time of diagnosis of the ectopic ADH syndrome was 117.3 + 4.3 (range: 110 -124) mEq/l. Plasma ADH concentration was 4.9 + 5.8 (median: 2.3; range: 0.4 -18.9) pg/ml immediately before treatment.
At baseline and at the end of study, mean serum sodium concentration was 122.8 + 6.7 and 133.3 + 8.3 mEq/l, respectively, a statistically significant difference (P ¼ 0.002; Fig. 1 ). Serum sodium concentration increased at 24 h after the first administration of mozavaptan and remained elevated 24 h after administration for 7 days. Serum osmolality gradually increased starting from 24 h after first administration till the study end. Cumulative urine volume over 24 h increased on the first treatment day, whereas urine osmolality decreased in the first two treatment days.
A total of 16 patients were evaluated for the serum sodium level. The serum sodium level was improved to normal range in eight patients, still below normal range but increased by at least 6 mEq/l in four patients and increased by ,6 mEq/l in four patients (Table 1) .
Symptoms associated with ectopic ADH syndrome such as anorexia, nausea/vomiting, headache and CNS symptoms improved or disappeared in seven of eight patients who had at least one of these symptoms at baseline. By symptom, anorexia disappeared in three and improved in two among eight patients who had the symptom at baseline, whereas nausea/vomiting, headache and CNS symptoms disappeared by the completion of treatment in all patients who had at least one of the symptoms at baseline. On the other hand, however, new anorexia and headache developed in one patient each.
Although some patients showed slight increases or decreases of plasma ADH concentration after receiving mozavaptan, overall there were no obvious changes.
There were 35 adverse events in 11 of the 16 patients; none was serious. The most common adverse event was dry mouth developing in five patients. Fifteen adverse drug reactions occurred in six patients (dry mouth, n ¼ 5; increased blood potassium, n ¼ 2; malaise, increased AST, increased ALT, decreased blood calcium, increased blood lactate dehydrogenase, increased blood urea, decreased appetite and nocturia, n ¼ 1 each).
One patient was withdrawn after administration of the study drug for 3 days because of anorexia. After completion of administration of mozavaptan, one cancer-related death occurred 30 days post-treatment (ID 1 in Table 1 ); the patient had small cell lung cancer, and had myasthenia gravis, diabetes, pneumonia and hypertension. Chemotherapy (carboplatin and etoposide) was given from 146 to 144 days before treatment with mozavaptan, which reduced the tumor size and improved SIADH. However, the chemotherapy was terminated due to marked myelosuppression, and then this led to marked tumor growth. The serum sodium concentration was 132 mEq/l 29 days before the mozavaptan treatment, but gradually decreased to 119 mEq/l 14 days before treatment.
At that time, the patient's condition did not permit chemotherapy, and mozavaptan therapy was performed. Although mozavaptan was effective, the condition became worse due to rapid tumor progression. The patient died 30 days after completion of the mozavaptan therapy, and the autopsy demonstrated direct invasion to heart and thoracic vertebra, indicating that the patient had died of cancer. No other serious adverse events were reported.
DISCUSSION
Since the ectopic ADH syndrome is the morbidity induced by inappropriately secreted ADH from cancer cells, V2R antagonist rationally might be expected to exert pharmacological effects in the syndrome. During Phase I pharmacological evaluation, mozavaptan 30 mg/day exerted potent V2R antagonistic activity. Therefore, we plan to evaluate the clinical efficacy and safety of this agent at a dose of 30 mg/ day in cancer patients with ectopic ADH syndrome defined by Bartter and Schwartz (3). We found that the drug increased the mean serum sodium level; 10 patients at 24 h after the first dose and 12 patients at 24 h after the last dose showed a 6 mEq/l increase in serum sodium concentration from baseline.
Of 12 patients who showed an increase in serum sodium concentration of 6 mEq/l from baseline at 24 h after the last dose, 7 had anorexia, nausea/vomiting, headache and/or CNS symptoms before treatment. Anorexia (n ¼ 7) disappeared in three, was alleviated in two and remained unchanged in two patients; all other symptoms (nausea/ vomiting in five, headache in five and CNS symptoms in four patients) disappeared following therapy. However, new anorexia and headache developed in one patient each. Of the remaining four subjects who showed an increase in serum sodium concentration of ,6 mEq/l, three had no symptoms and one complained of anorexia that remained unchanged 24 h after the last dose.
Since SCLC is the chemo-sensitive tumor and SIADH is the condition of oncologic emergency, urgent treatment is always required. However, in the cases of SIADH, hyponatremia makes it difficult to perform chemotherapy; hydration is necessary for the therapy with cisplatin-based chemotherapy. Mozavaptan improved compliance to chemotherapy in patients with ectopic ADH syndrome.
The present study did not plan to give chemotherapy during the study period. Thus, information on chemotherapy was not designed to be collected from patients. However, we evaluated present cases whether they received chemotherapy after the mozavaptan treatment. Information was obtained from 14 patients of the 16 subjects, 9 were administered mozavaptan prior to scheduled chemotherapy, and 8 of these underwent chemotherapy with the regimen including cisplatin or carboplatin after successful correction of hyponatremia.
With regard to safety, the treatment was discontinued in one patient due to adverse drug reaction, and two patients required treatment for adverse effects but recovered after appropriate treatment. There was no excessively rapid increase in serum sodium concentration or central pontine myelinolysis, suggesting that mozavaptan can be safely used in the target patient population.
On the basis of these results, mozavaptan (Physuline w ) was approved in Japan as an orphan drug for the treatment of ectopic ADH syndrome, in 2006. It is worth noting that until now demeclocycline, lithium chloride or urea was reported effective for the ectopic ADH syndrome, although clinical experiences revealed that the effects of these drugs are limited (4) .
In the USA and EU, there are two V2R antagonists available on the market-conivaptan (injection formulation) (5) and tolvaptan (oral tablet) (6) . Conivaptan, a dual V1a receptor and V2R antagonist, is marketed in the USA with the indication of 'treatment of euvolemic and hypervolemic hyponatremia in hospitalized patients'. Tolvaptan, which by structural modification has a higher affinity for the V2R than does its parent drug, mozavaptan, is marketed in the USA with the indication of 'treatment of clinically significant hypervolemic and euvolemic hyponatremia, including patients with heart failure, cirrhosis and SIADH' and in the EU with the indication of 'treatment of adult patients with hyponatremia secondary to syndrome of inappropriate antidiuretic hormone secretion (SIADH)'. Mozavaptan is currently the only approved drug available for treatment of patients with ectopic ADH syndrome (7) in Japan but is neither approved nor under development outside Japan.
During the 43 months following its launch, 100 patients have been treated with the drug. On the basis of the post-marketing drug use results survey, overall clinical effects of the drug have been found similar to those of the Figure 1 . Time-course of serum sodium concentration (mean + SD) in 16 cancer patients with ectopic ADH syndrome. Baseline serum sodium concentration was 122.8 + 6.7 mEq/l. At 24 h after the first dose, serum sodium increased to 129.1 + 5.7 mEq/l; at 24 h after completion of treatment, the value was 133.3 + 8.3 mEq/l. clinical trial. Mozavaptan provides two important contributions for the treatment of ectopic ADH syndrome. First, short-term treatment with mozavaptan may allow hyponatremic patients who might otherwise be contraindicated to receive aggressive cancer chemotherapy with platinumcontaining drugs. Second, mozavaptan may free patients from strict fluid-intake restrictions and thereby improve their quality of life. Thus, mozavaptan provides new treatment options for aggressive chemotherapy as well as for palliative care in patients with ectopic ADH syndrome.
